Brief Communication
55 (5'-AGGGATCCCTGCTGC TGTG CTTGCTGCG-3') were used for the first PCR, and the nested PCR primers 10 (5'-GATCAAGCTTCCTCAGCCTACTATAATGCC-3') a n d 1 1 ( 5 ' -C T A G G G A T C C C G A CAGATGCACTATTAGGC-3') were used for the second PCR. [18] The amplification reaction was carried out in a 25-µl volume containing PCR buffer (10 mM Tris, 50 mM NaCl, 10 mM MgCl 2 , 200 µg of bovine serum albumin per ml), 0.5 mM of deoxynucleotide triphosphate, 100 pM forward and reverse primers, and 0.3 U Taq polymerase (Thermo Scientific, Waltham, MA, USA). To monitor for contamination, controls were used in each set of reaction. Amplification consisted of initial denaturation at 94°C for 5 min followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 57°C for 1 min and extension at 70°C for 1 min was used. For the second PCR, the amplicons (5 µl) obtained from the first PCR was used as the template with the second set of primers and the same amplification protocol. The amplified products of both amplification rounds were visualised under ultraviolet transilluminator following electrophoretic separation (2% agarose gel). Sequencing PCR was performed using the BigDye Terminator Cycle sequencing ready reaction kit, version 3.1 (Applied Biosystems, Foster City, CA).
The sequences obtained were identified by comparison with sequences available in GenBank by using BLAST (http:// blast.ncbi.nlm.nih.gov). These sequences were submitted to GenBank (accession nos. MF457888-MF457895) and molecular evolutionary analyses were conducted using MEGA version 7. [19] The study sequences and reference sequences downloaded from GenBank were aligned by using Clustalx 2 (http://www.clustal.org) and trimmed to the appropriate size. A phylogenetic tree with 1,000 bootstrap replications was constructed using the Neighbor-Joining method. [20, 21] The evolutionary distances were computed using the maximum composite likelihood method and are in the units of the number of base substitutions per site.
Ethical statement: The study was carried out on patient samples after obtaining written informed consent, and the study was approved by Institute Ethical Committee.
Results
The DNA extracted from eschar varied from 44.7 to 323 ng/µl and that from blood from 50.5 to 695.4 ng/µl. The mean value for purity at 280/260 ratio absorbance was 1.81 for eschar and 1.72 for blood. The PCR from eschar sample was positive in all eight (100%) patients, while blood samples in only three (37.5%) patients were positive. In seven patients, anti-scrub typhus therapy had already been initiated at the time of sampling. Six patients had already been started on doxycycline and one patient had received azithromycin. In one patient, the sample was collected before doxycycline treatment was initiated. The IgM ELISA for antibodies against O. tsutsugamushi was positive in five patients, negative in two and was not performed in one patient. The clinical features, investigations performed and the final outcome is listed in Table 1 .
The PCR amplicons from eschar samples were sequenced and analysed to correlate the phylogenetic association. Six of the sequences gave good sequences and were found to have high similarity to O. tsutsugamushi Karp-like strains (MF45789-MF457891, MF457894/95) and one clustered close to a Kawasaki-like strain (MF457892). The eschar sequences from a study from the south of India show similar circulating strains from an eschar sample [ Figure 1 ]. [10] 
dIscussIon
The eschar is the pathognomonic lesion associated with scrub typhus. It is the initial lesion which develops at the site of chigger (Leptotrombidium mite) bite. Eschar has been shown to be a better sample compared to blood for PCR assay because eschar is the area where O. tsutsugamushi is proliferating, and a large number of organisms are present there. Furthermore, eschar can be readily collected. Eschar can remain positive for up to 1 week even after appropriate therapy is initiated. [16, 22] The low load of the organism in blood, amount of blood used for extraction, the presence of PCR inhibitors such as heme and bacterial clearance by antibiotic therapy and/or immune response against Orientia can possibly explain the reduced sensitivity of PCR assay from blood samples. [8, 23] Similar findings, we noted in our study, were the PCR from blood was negative in five samples while the eschar samples were positive for O. tsutsugamushi DNA.
The nested PCR targeting 56kDA type-specific antigen has better sensitivity then the conventional PCR, thereby nested PCR was used in the present study. [6] The sensitivity of nested PCR from eschar samples has been reported to be 86.5% (83/96) with a specificity of 100% which is as high as that reported from buffy coat samples (82.2%). [16, 22] In a recent study from Vietnam, swab collected from the base of eschar has also been used to detect O. tsutsugamushi DNA. Among the 20 patients with clinically suspected scrub typhus in whom both eschar and whole blood were available, positivity from eschar was much higher compared to blood (17 vs. 5). [24] This method has been shown to be far less invasive than skin biopsy and does not require much expertise making it a very convenient sample to collect.
In the present study, Karp like strains was reported the maximum (5 eschar samples) followed by Kawasaki strain (1 eschar sample). Karp like strains is the most prevalent genotype in Southeast Asian countries. In a study from India to study the genotypic diversity of O. tsutsugamushi in India in three different geographical regions (Shimla, Shillong and Vellore) based on the eschar sequences, Karp-like strains was reported to be in higher proportion compared to Kato-like strains from Shimla in comparison to Vellore and Shillong. [9] Similar findings were noted in our study. Studies from Sri Lanka and Vietnam also report a predominance of Karp-like strains. [24, 25] Varghese et al. reported that Kato-like strains predominate in (77.5%) in South India. [9] We did not find a single Kato-like strain in our eschar samples. The Kawasaki strain in our study showed similarity with the Kawasaki strain from Vietnam and the Kawasaki reference strain (GQ332755). [24] One of the main limitations of using eschar as a diagnostic specimen for scrub typhus is that this pathognomonic sign does not present in all patients. Eschar has been reported to be present in 46% and 60% of South Vietnamese and Taiwanese patients, respectively. [17, 18] In a study conducted in north Indian patients in our hospital, it was found that the eschar was found in 14% patients and was mainly confined to the trunk, inguinal, genital and axially areas of the patients. [4] Second, an eschar is typically painless and non-pruritic, and hence its presence is not reported by patients. The eschar can also be missed in a cursory physical examination, especially in dark-skinned Figure 1 : Phylogenetic tree inferred using the Neighbor-Joining method with 1000 replicate bootstrap test and the evolutionary distances were computed using the maximum composite likelihood method patients or mistakenly reported to be due to trauma, etc. [18, 19] Therefore, a thorough physical examination is warranted. In above all cases, buffy coat is probably a more practical and suitable alternative for improving detection by nested PCR. [26] It is important to study regional antigenic diversity in O. tsutsugamushi as this information has implications for the success of diagnostic immunoassays and vaccines against scrub typhus. Genetic analysis of the 56 kDa type-specific antigen showed that the majority clustered close to Karp reference strains, while one was similar to the Kawasaki reference strain. Our paper adds to the evidence of the genotypic diversity of this organism in India and further emphasise the importance of eschar as a diagnostic sample.
conclusIon
Eschar should be favoured as a diagnostic sample over whole blood in the early phase of infection. The knowledge about the existing antigenic diversity in a geographical region helps in establishing an effective diagnostic assays and vaccines against scrub typhus.
